Purpose: The purpose of this study was to examine the effect of stromal hydration on surgical outcomes for patients who received the new hydrogel ocular bandage (ReSure™ Adherent Ocular Bandage, Ocular Therapeutix, Inc, Bedford, MA, USA) following routine cataract surgery. Methods: This post-hoc, single-masked study was conducted with 310 patients who were scheduled to undergo unilateral clear corneal cataract surgery with phacoemulsification and intraocular lens implantation. Incisions were closed with stromal hydration (270 patients) or without stromal hydration (40 patients) based on physician standard of care. All patients received the hydrogel bandage at the conclusion of the procedure. Ocular assessments of stromal edema, flare, corneal staining, anterior chamber cells, best-corrected visual acuity, and intraocular pressure were made 24 hours after surgery. Results: Significantly more patients experienced stromal edema in the group with stromal hydration (26.3% versus 10.0%, respectively; P = 0.028). A higher percentage of patients experienced corneal staining when stromal hydration was performed (20.4% versus 2.5%; P = 0.004). The mean BCVA (best-corrected visual acuity) also was significantly different between the groups (logMAR of 0.164 with stromal hydration versus 0.095 without hydration; P = 0.007). No significant differences were observed between the study groups in terms of flare, anterior chamber cells, or intraocular pressure. Conclusion: Cataract surgery without stromal hydration provided better surgical outcomes than the traditional hydration procedure when used in conjunction with a new hydrogel bandage.
Introduction
Cataract surgery has become one of the most frequent surgeries performed in the US. 1 An American Society of Cataract and Refractive Surgery survey reported that over 3.1 million cataract surgeries were performed in 2008. 2 The clear corneal incision (CCI) technique was introduced by Fine in the early 1990s. [3] [4] [5] This technique is widely preferred today because few or no sutures are required.
Stromal hydration is often performed in conjunction with the CCI in an attempt to close the wound, 6 even though studies have shown that the integrity of the CCI may be compromised immediately after surgery 7, 8 with gaping of the wound in the early post-surgical period. Therefore, even uncomplicated CCIs may allow the ingress of ocular surface bacteria. the risks of later complications. One means of achieving this has been by performing stromal hydration of the wound, but now other methods are becoming available.
A new hydrogel bandage has recently been developed. [10] [11] [12] [13] This device is made from polyethylene glycol, trilysine, buffering salts, and water. The bandage is applied to the incision as a liquid that then forms a gel within about 30 seconds. The bandage is formulated with a blue colorant to enhance visualization. This color diffuses out of the device within a few hours of application. Although this hydrogel technology platform is being used successfully in other areas of medicine, this particular device was specifically developed to protect ophthalmic incisions.
The purpose of the current post-hoc study was to determine whether stromal hydration contributes to persistent corneal edema and whether it has any effect on best-corrected visual acuity (BCVA) in the immediate postoperative period (24 hours).
Methods
This was a post-hoc analysis performed on a subset of data from a controlled, prospective, randomized, parallel-group multicenter study (n = 420) comparing the ReSure Adherent Ocular Bandage (Ocular Therapeutix, Inc) with the Oasis 24-hour Soft Shield ® Collagen Corneal Shield (Oasis Medical, Glendora, CA, USA) for protection and relief of pain and discomfort following cataract surgery. 12 The current analysis included all the hydrogel bandage patients (n = 310) from the original study (except for six patients who received sutures), which comprised 40 patients who did not undergo stromal hydration during surgery and 270 who did receive hydration. The decision not to use stromal hydration was based on surgeon's preference rather than on the complexity of each case.
Detailed methods of the prospective randomized clinical trial are described by Dell et al 12 Briefly, the study included adults who were scheduled for unilateral clear corneal cataract surgery with phacoemulsification and implantation of a posterior chamber intraocular lens through a #3.5 mm incision. The surgery was performed using a short-acting (duration of about 10-12 minutes) topical anesthetic agent (lidocaine, proparacaine, or tetracaine). If required, topical anesthesia was supplemented with intracameral anesthesia also using a short-acting agent (eg, lidocaine).
Exclusion criteria included an active ocular infection, a history of or active intraocular inflammation, glaucoma or ocular hypertension ($25 mmHg), macular degeneration, previous ocular surgery or ocular abnormality, planned combination surgery, and BCVA of the fellow eye of less than 20/40. In addition, patients were considered screening failures and were not eligible to be randomized into the study if the immediate postoperative eye was observed to have a wound leakage (positive Seidel test), with or without stromal hydration and/or suture placement. Informed consent was obtained from all patients. The RCRC Independent Review Board (Austin, TX) approved this study.
At the conclusion of the cataract surgery patients received stromal hydration or not, based on standard physician practice. All subjects (100%) had a negative Seidel test demonstrating no leakage. Upon confirmation that the main incision was not leaking, the hydrogel ocular bandage was reconstituted and applied to the incision site. Figure 1 shows the device on the corneal surface. Patients in both groups received fourth-generation fluoroquinolone antibiotic and corticosteroid eye drops in the operative eye following application of the hydrogel bandage. Topical and/or oral nonsteroidal anti-inflammatory drugs (NSAIDs) or other oral pain medications were prohibited until after the 24-hour pain assessment. Following the 24-hour pain assessment, the postoperative medication regimen used was as the standard of care for the institution, and the same regimen was applied to both treatment groups. The majority of patients received antibiotics, steroids, and NSAIDs. Patients were then discharged with the eye uncovered.
The study patients underwent a complete preoperative eye examination including BCVA (via Early Treatment Diabetic Retinopathy Study), intraocular pressure (IOP) measurement, 
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stromal hydration and the hydrogel ocular bandage biomicroscopy, and dilated ophthalmoscopy. Postoperative evaluations at 24 hours were the subject of this analysis.
statistical analyses
All statistical tests were two-sided, and the significance level was set at 5%. The two sample t-test was used to test for differences in means between treatment groups for continuous variables. Fisher's exact test was used to test for differences in proportions between groups for categorical variables. The analyses were conducted in a post-hoc manner, and there was no multiplicity adjustment. All statistical analyses were performed using SAS ® Version 9.1 (SAS Institute, Cary, NC, USA).
Results
Summary statistics of demographics and surgical parameters are provided in Tables 1 and 2 , respectively. The two groups were similar in terms of age, gender, race, and incision width. The mean duration of surgery was 13.5 minutes and 12.2 minutes with and without stromal hydration, respectively. A temporal incision was used exclusively in the study group without stromal hydration. Most of the incisions were multiplane (39 of 40) for the group without stromal hydration.
A significantly higher percentage of patients with stromal hydration experienced stromal edema at 24 hours (26.3% versus 10.0%; P = 0.028) (Table 3; Figure 2 ). Results from the 24-hour ocular assessments are provided in Table 3 .
Corneal staining was observed in 20.4% of the patients who underwent stromal hydration compared with only 2.5% in the group without stromal hydration. This difference was statistically significant (P = 0.004) (Table 4; Figure 3 ). BCVA was also significantly better in the group without stromal hydration (P = 0.007) (Table 3; Figure 4 ).
safety
The safety population consisted of all 310 patients included in the post-hoc analysis. Sixty-seven patients (21.6%) reported at least one adverse event over the study follow-up duration of 30 days. An increase in IOP to $30 mmHg or 10 mmHg over baseline was observed for 35 of 310 (11.3%) patients; 32 of 270 (11.9%) in the stromal hydration group versus 3 of 40 (7.5%) in the group without stromal hydration. A worsening in BCVA of .2 lines (.10 letters) was seen for 25 of 310 (8.1%) patients; 23 of 270 (8.5%) in the stromal hydration group versus 2 of 40 (5.0%) in the group without stromal hydration. Other adverse events occurred with a frequency of ,1%. There were no serious or unanticipated adverse events. The adverse events experienced are consistent with typical post-cataract outcomes.
Discussion
Stromal hydration is a technique that has been used following phacoemulsification since the early 1990s and is still widely used today. 5, 6 There have been ongoing discussions in the literature around the merits of this technique. 6, 7, [14] [15] [16] [17] [18] [19] In a study involving 80 eyes that received 2.2 mm incisions, Vasavada and colleagues reported a reduced ingress of trypan blue that had been instilled on the ocular surface. 6 Fine and others suggest that the stromal swelling that results from the hydration technique may persist for at least 24 hours. 16, 19 Due to the fact that hydration can improve wound closure, this procedure has been recommended as a routine step after phacoemulsification. 6 Some caveats to stromal hydration have been pointed out in recent studies. Calladine and Packard examined 34 adult eyes using the Carl Zeiss Visante anterior segment optical coherence tomography (OCT) imaging system within one hour of cataract surgery. 7 The investigators performed stromal hydration on the main incision only if they suspected leakage. The authors reported that stromal hydration tended to increase corneal thickness around the incision, which also increased the incision length significantly. They went on to suggest that additional stromal hydration in the main incision might not routinely be necessary at the end of the procedure.
Behrens and colleagues used OCT to examine CCI incisions 24 hours following uneventful phacoemulsification surgery. 8 The authors found that small-incision clear cornea wounds that have received stromal hydration can gape in the immediate postoperative period. Descemet's membrane detachment was Dovepress Dovepress 389 stromal hydration and the hydrogel ocular bandage observed using the OCT and was suggested to be more common than traditionally observed using slit-lamp microscopy. Stromal hydration may be one cause of Descemet's membrane detachment during surgery. 7, 15 These results raise into question whether stromal hydration is optimal for sealing the wound in all CCI cases.
A recently published study evaluated whether the new hydrogel bandage could create a watertight seal in a clear corneal incision.
11 Twenty-four CCIs were made in eye bank corneas that were mounted to an artificial anterior chamber. Twelve of the wounds were sealed with the hydrogel bandage while the other twelve were not. A Seidel test was performed to assess leakage of the wounds. If the test was positive, stromal hydration of the incision was performed. Three eyes in each group required stromal hydration. The mean measured IOP was 36 mmHg in the control group and 34 mmHg in the bandage-treated group. Ingress of India ink was observed in 75% (9/12) of the control group and none (0/12) of the hydrogel bandage group. In addition, fluid leakage out of the wound was seen in 92% (11/12) of the control eye and none (0/12) of the bandage-treated eyes. Of particular note, the hydrogel bandage created a watertight seal in all of these clear corneal incisions whether stromal hydration was performed or not.
Recent studies have evaluated the new hydrogel bandage for its ability to seal ocular incisions. One laboratory study was conducted to evaluate the ability of the hydrogel bandage to seal sutureless pars plana vitrectomy sclerotomies performed on human globes procured from an eye bank. 13 The incisions received either a hydrogel device, a suture, or neither and were then evaluated for the ingress of India ink. The bandage prevented the entry of ink particles in all covered incisions (11 of 11). One sutured eye (1 of 5) and four unsutured eyes (4 of 5) permitted the ingress of ink through the incision. The recent clinical trial referenced previously by Dell and colleagues evaluated the safety and efficacy of the hydrogel bandage. 12 This prospective randomized controlled clinical study of over 400 patients showed that the device was well tolerated when placed over a cataract incision. The bandage provided coverage over the incision at 24 hours after surgery in significantly more patients (78.6%) compared with a corneal shield (26.5%; P , 0.001).
Calladine et al used optical coherence tomography to assess the hydrogel ocular bandage following clear corneal incisions during in cataract surgery. 20 Patients were randomized to either the hydrogel bandage group (n = 22) or the control group (n = 23). Stromal hydration was performed on the side-port incisions, but the main incision was not hydrated. The incisons were examined at 2 hours, at 24 hours, and at 7 days postoperatively using OCT imaging, a slitlamp fluorescein 2% Seidel test, and Goldman applanation tonometry. In the hydrogel bandage group, all incisions were Seidel negative. One main incision was Seidel positive in the control group. In the bandage group, architectural features of the incision were covered with a smooth layer of ocular bandage. Conversely in the control group these features were exposed to the ocular surface. Immediately after surgery, IOP values were significantly lower in the control group (13.4 ± 5.28 mmHg) than the bandage group (19.4 ± 5.94 mmHg; P , 0.001). One eye in the control group had an IOP of 5 mmHg immediately post surgery. At days 1 and 7, there were no significant differences in IOP between the two groups. The investigators concluded that the hydrogel bandage protected the clear corneal incisions, helped to maintain a desirable postoperative IOP, and cleared rapidly from reepithelialized areas.
Results from this post-hoc analysis showed a more favorable surgical profile for patients who received the hydrogel bandage and did not undergo stromal hydration. Fewer patients experienced stromal edema and corneal staining with this surgical regimen (Tables 3 and 4 ; Figures 2 and 3) . The difference between the study groups was statistically significant (*P = 0.028).
All patients received a hydrogel bandage after surgery.
Dovepress

390
Walters Visual acuity was also significantly better (Table 3 ; Figure 4 ) for patients who did not undergo stromal hydration. The improvement in vision 1 day postoperatively is a significant factor for patient satisfaction, particularly for self-pay patients receiving multifocal IOLs. Although not statistically significant, a lower percentage of these patients had anterior chamber cells, and their mean IOP was slightly (1.5 mmHg) lower (Table 3) . There was also a tendency toward a shorter duration of surgery (∼1 minute) in the group of patients that did not undergo stromal hydration, as there were fewer steps (ie, less manipulation) in the overall procedure (Table 2) . One surgeon (TW) in the study did not routinely use stromal hydration. The rationale for this practice is as follows: When a surgeon chooses to hydrate, the wound may be sealed initially. However, due to the endothelial pumping mechanism, the tissues lose this hydration over time and the wound returns to its initial hydration state. This can be an issue if the initial wound architecture was not optimized and permits leaking. In short, the surgeon does not always know if the wound is structurally sound if it is hydrated. By ensuring structural integrity of the incision at the outset and without hydration, the surgeon can be reasonably certain that the wound will not leak later due to the loss of the hydration.
As is the case with any clinical study, the current trial has some limitations. Most of the patients without stromal hydration were from one physician only. Therefore, it is not possible to separate treatment effect from surgeon effect. There was randomization in the prospective pivotal trial (NCT00774228), though no randomization between the treatments of interest was possible in the current study due to the retrospective nature of the analysis. There was a difference between the groups with regard to the type of incision (single versus multiplane). These factors should be kept in mind when making conclusions based on the findings from this study. Additional, prospective, randomized trials (possibly involving OCT) are warranted in order to explore the effects of stromal hydration, in more depth.
Summary
Stromal hydration is standard of care today, and thus often used in an attempt to oppose the two faces of an incision. However, recent evidence from the literature suggests that stromal hydration may not be optimal for favorable outcomes in all cases, 7, 8 due to induced wound gape allowing bacterial invasion, variability of wound architecture and integrity during the postoperative period, tissue trauma, increased surgical time, and persistent corneal edema with loss of BCVA. With the movement toward "touchless" and minimally invasive surgery, leaving the wound without stromal hydration may be favorable as this practice alters the tissues and wound as little as possible. The result is less deformation, a shorter surgical procedure, and a more rapid recovery. From the results of this analysis, favorable surgical outcomes may be expected by omitting stromal hydration, as less edema and better postoperative vision were observed in patients who did not undergo stromal hydration. In addition, to ensure integrity of the wound in a nondeformed state, the new hydrogel bandage may be optimal. 
Figure 4
Mean logMAr best-corrected visual acuity (BCVA) 24 hours after cataract surgery. The difference between the groups with stromal hydration and without stromal hydration was statistically significant (*P = 0.007). All patients received a hydrogel ocular bandage after surgery. 
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